Because most massive stars have been or will be affected by a companion during the course of their evolution, we cannot afford to neglect binaries when discussing the progenitors of supernovae and GRBs. Analyzing linear polarization in the emission lines of close binary systems allows us to probe the structures of these systems' winds and mass flows, making it possible to map the complex morphologies of the mass loss and mass transfer structures that shape their subsequent evolution. In Wolf-Rayet (WR) binaries, line polarization variations with orbital phase distinguish polarimetric signatures arising from lines that scatter near the stars from those that scatter far from the orbital plane. These far-scattering lines may form the basis for a "binary line-effect method" of identifying rapidly rotating WR stars (and hence GRB progenitor candidates) in binary systems.
Introduction
In recent years, it has become clear that most massive stars evolve in close binary systems (at least 75%; Kiminki & Kobulnicky 2012; Sana et al. 2012; Smith 2014) . Meanwhile, a growing number of corecollapse supernovae (SNe) show evidence for binaryinduced asphericities in their ejecta and surroundings (e.g., Maund et al. 2009; Chornock et al. 2011; Mauerhan et al. 2014) . Similarly, the necessity of rapid rotation to the formation of gamma-ray bursts (GRBs) via stripped-envelope SNe strongly suggests a binary origin as well (de Mink et al. (2013) . In short, "it is no longer true that single WR stars are the preferred progenitors of most stripped-envelope SNe" (Smith 2014) .
No progenitor (single or binary) of a strippedenvelope SN has yet been detected in pre-explosion images (Smartt 2009 ). Many theoretical and statistical studies have considered binary channels for SN/GRB production (e.g., Podsiadlowski et al. 1992; Lyman et al. 2014 ), but observational corroboration relies primarily on nondetections and upper limits to progenitor masses (e.g., Eldridge et al. 2013; Kuncarayakti et al. 2015) . By contrast, the "line-effect method" devised by Vink (2007) directly identifies rapidly rotating Wolf-Rayet stars, which are the leading candidates for GRB progenitors under the collapsar model (Woosley 1993 (Woosley , 2013 . 15 to 20% of single Milky Way WR stars show a line effect (Vink 2007; Vink et al. 2011; Gräfener et al. 2012) . However, because polarization arising from scattering in intra-binary circumstellar material (CSM) complicates the diagnostic potential of the line-effect method, this method has not been applied to WR binary systems. Given that most massive stars occur in binaries and that binary interactions dominate massive stellar evolution, the current statistics likely do not represent the full GRB progenitor population.
Polarization and the (Binary)
Line-Effect Method
Polarimetry provides direct information about an unresolved object's geometrical characteristics. Light from an unresolved spherical electronscattering envelope is unpolarized due to cancellation of the electric vectors; however, in an aspherical envelope, incomplete cancellation produces a net linear polarization. Nonzero continuum polarization thus implies that the scattering region possesses a global asphericity. Polarization in spectral lines probes more complex scenarios. Line polarization signatures contain information about the geometries of individual elements in a stellar wind. In a rapidly rotating WR star, continuum photons form near the stellar surface and become polarized in the dense aspherical inner wind, while line photons form farther out in the wind and escape with little net polarization. This causes a depolarization across strong emission lines known as the "line effect" (Vink 2007 ). The asphericity revealed by this effect implies that the star meets the conditions necessary for GRB formation in the collapsar model.
Despite its diagnostic power, the line effect can be complicated by the effects of binarity. Mass exchange between stars in a binary system gives rise to complex CSM distributions that scatter starlight, producing time-variable continuum polarization signatures. Line photons may also scatter in this CSM and acquire intrinsic line polarization that confuses the line-effect diagnostic. For these reasons, studies of the line effect in WR stars have so far excluded binaries. However, because CSM scattering effects tend to depend on orbital phase, long-term monitoring can disentangle their contributions to WR emission-line polarization, allowing us to add WR binaries to the still-small sample of WR stars examined for the line effect. Figure 1 depicts the expected phase-dependent polarization behavior of different possible emission lines in a WR binary system. We show here the polarization of the line alone, without continuum contributions. We also display the %Q Stokes parameter only, taking a coordinate system aligned with the binary orbit. The continuum polarization (a) varies sinusoidally with phase (Brown et al. 1978; St.-Louis et al. 1993) . Polarization in an emission line whose photons formed near the stars and scattered near the orbital plane in the same way as the continuum photons (an unlikely scenario) would mirror that of the continuum (b). More commonly, an emission line will both form and scatter differently from the continuum. If the scattering occurs near the orbital plane, it will still show a phase-locked variation, but the shape and magnitude of the polarization curve will be different from that of the continuum (c, for example, as in the He II λ5876 line of β Lyr; Lomax et al. 2012) . Finally, an intrinsically unpolarized line forming and scattering far from the orbital plane should show a constant behavior with orbital phase (d ); its offset from zero polarization then provides a measure of the interstellar polarization (ISP). Such far-scattering lines have the potential to serve as line-effect diagnostics in binary WR systems. Of course, any given line may contain contributions from multiple, differently scattered components, but because of the vector nature of polarization, good phase coverage should allow the constant and variable components to be separated. Fig. 2 : Density in the orbital plane produced by the two-wind plus shock-cone model fitting the X-ray light curve of V444 Cyg (Lomax et al. 2015) . The WN star is on the left and the O star is on the right. The wide opening angle of the shock cone is evidence for radiative braking/inhibition in the system.
Test Case: V444 Cygni (WR 139)
V444 Cygni is a well studied, bright, eclipsing, close WN5+O6 binary system whose colliding winds produce bright and variable X-ray emission. Lomax et al. (2015) reproduced the major features of the X-ray light curves with a model including weaker absorption at phases 0.3-0.75, when the cavity carved out by the O-star wind in the denser WR wind opens along the line of sight (Figure 2) . This large phase range suggests that the shock cone has a wide opening angle, providing direct evidence for radiative braking and radiative inhibition effects within the system.
We observed V444 Cyg with the HPOL spectropolarimeter at Pine Bluff and Ritter Observatories (Davidson et al. 2014 ) and constructed line polarization phase curves for several emission lines (Lomax et al. 2015) . Figure 3 shows the phase-dependent polarization behavior of these lines, each with continuum removed and rotated to its own average position angle. All lines show similar phase variations that are unlike those of the continuum (St.-Louis et al. 1993) , implying that all contain intrinsic line polarization due to intra-binary scattering. All lines show a distinct difference in polarization between the phases "in" and "out" of the shock cone defined by X-ray modeling (Lomax et al. 2015) . None of the lines appears to form far from the stars, though further work is needed to determine whether constant components exist. Additional analysis and modeling of these data will provide constraints on the stratified wind structure in V444 Cyg.
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